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I
n the past few years with the resurgence of invasive infections, group A beta-hemolytic streptococci (GABHS) have become a public health threat (1) (2) (3) (4) (5) (6) (7) (8) . Surveillance programs have been implemented in many countries. In Canada, in the province of Quebec, GABHS invasive infections became a notifiable disease in 1995 (unpublished data).
In 1995, 11 cases of invasive GABHS infections occurred in the lower St Lawrence region (LSLR) of Quebec. This region, with a population of approximately 215,000 people, had an incidence rate of 5.1/100 000 cases/year, the highest in the province of Quebec. The overall incidence rate in Quebec was 1.4/100,000 cases/year (unpublished data).
Pharyngitis is the most frequent clinical manifestation of GABHS infections, and it is believed that pharyngitis usually precedes invasive infections. Penicillin is the antibiotic of choice in the treatment of pharyngitis. Erythromycin is recommended as an alternative for patients allergic to penicillin (9, 110) .
Recently, increasing resistance of GABHS to erythromycin and its derivatives has been observed in several countries. In Japan, the frequency of GABHS erythromycin resistance rose from 2% in 1971 to 50% to 70% in the 1990s (11) (12) (13) . A resistance of nearly 40% was reported in certain areas of Finland in 1990 (14) (15) (16) and was associated with the level of regional erythromycin consumption. Erythromycin resistance dropped to 8.6% after a successful nationwide information and education program to reduce erythromycin consumption (17) . Such high levels of resistance have not been reported in North America. For instance, the rate of erythromycin resistance is low in the United States: 5% and less, for studies published between 1968 and 1997 (11, 18, 19) . Very few Canadian studies have addressed the issue of GABHS resistance to macrolides. In 1992, Knowles et al (20) found 2% erythromycin resistance among 492 GABHS isolates from clinical specimens gathered from in a children's hospital in Montreal. They also reported that, in comparison with ambient air, incubation under a 5% carbon dioxide atmosphere was associated with a significant increase in minimal inhibition concentration (MIC) for GABHS isolates to erythromycin and clarithromycin. A similar effect of incubation atmosphere was described by Brorson and Larsson (21) .
The aim of the present study was to determine the susceptibility level of GABHS to different antibiotics, particularly macrolides, in the LSLR. In addition, the study compared different antibiogram methods (disk diffusion, E-test and microdilution) and two incubation atmospheres (ambient air and 5% carbon dioxide) in a subset of isolates.
MATERIALS AND METHODS
GABHS strains: GABHS isolates were collected between March 1995 and February 1996 from three hospitals in the LSLR: the Centre Hospitalier Régional de Rimouski, the Centre Hospitalier d'Amqui and the Centre Hospitalier du Grand Portage. A maximum of two strains per patient were admissible: one strain from the throat and the other from a normally sterile site.
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RESULTS
A total of 384 GABHS strains isolated from 377 patients (throat 335 [87%], other sites 49 [13%]) were examined (Table 1). Seven patients had two isolates: one from the throat and the second from another site (wound four, fascia two, joint liquid one). Fifteen of the 49 nonpharyngeal strains were isolated in patients with invasive infections. The re-identification of all 384 strains confirmed them to be S pyogenes. Only six isolates yielded unexpected results; all exhibited trimethoprim/sulphamethoxazole susceptibility. In these cases, seroagglutination with group A antigen gave positive results.
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Susceptibility of group A beta-hemolytic streptococci Susceptibility testing: All strains were susceptible to penicillin, cephalothin, rifampin, clindamycin and vancomycin when tested by disk diffusion in an atmosphere enriched with 5% carbon dioxide (Table 2) . A total of 10 isolates showed some level of resistance to one of the macrolides. These strains were isolated from the throat in nine cases of pharyngitis (strains 1 to 9) and from pus drained from an ischiorectal abscess in one case (strain 10). Strain 1 was repeatedly intermediately resistant to erythromycin and susceptible to clarithromycin and azithromycin. Strain 2 was intermediately resistant to clarithromycin, and resistant to erythromycin and azithromycin. Eight isolates (strains 3-10) were resistant to azithromycin, clarithromycin and erythromycin. Susceptibility determined by E-test (5% carbon dioxide) showed similar results to disk diffusion. Nine of the 155 strains (strains 2 to 10) tested were resistant to all macrolides by E-test (Table 3 ). It is noteworthy that strain 2, which was intermediately resistant to clarithromycin by disk diffusion, was found resistant by E-test. Also, strain 1 was found susceptible to all antibiotics by E-test, including macrolides, while it was intermediately resistant to erythromycin by disk diffusion. All strains were susceptible to penicillin, clindamycin and ceftriaxone. The MIC 90 values showed that clarithromycin (MIC 90 0.047 mg/L) was more active than erythromycin (MIC 90 0.125 mg/L), which was more active than azithromycin (MIC 90 0.38 mg/L) ( Table 3) .
Strains 1 to 10 were tested by microdilution for erythromycin and azithromycin. As in the case of E-test results, strain 1 was susceptible to both agents, and the others were resistant ( Table 4) .
Effect of incubation atmosphere on disk diffusion and Etest results:
The antibiograms of strains 1 to 10 were examined in parallel in ambient air and in carbon dioxide by disk dif-
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Can J Infect Dis Vol 10 No 4 July/August 1999 fusion (erythromycin, clarithromycin, azithromycin) and E-test (erythromycin, azithromycin). With the disk diffusion technique (Table 5) , the diameters of inhibition were significantly lower in carbon dioxide (P<0.001) than in ambient air, with frequent minor errors in interpretation observed between the two different incubating atmospheres. The distribution of minor errors was as follows: seven with erythromycin, five with clarithromycin and two with azithromycin. Only one major error in interpretation was observed: strain 4 for clarithromycin. MIC values obtained by E-test were significantly higher (P<0.001) in carbon dioxide than in ambient air (Table 6 ) and had no effect on interpretation. However, the variation in MIC values varied with the antibiotic. In fact, the 5% carbon dioxide atmosphere was associated with a one-to twofold increase in MIC values for erythromycin, while a two-to fourfold increase was observed for azithromycin.
Patient file review:
The nine patients with macrolideresistant isolates (strains 2-10) had a mean age of 12 years (range six to 37), and eight were male. Follow-up was possible for seven patients. Penicillin was used in six cases. One patient received erythromycin for streptococcal pharyngitis (strain 7), but no data were available for the follow-up. All seven patients (including the case of the ischiorectal abscess) had an uneventful course.
DISCUSSION
This study shows that GABHS resistance to erythromycin, azithromycin or clarithromycin is uncommon (nine of 377 patients, 2%) in the LSLR. It is difficult to extrapolate the prevalence of resistance to other areas of Quebec or Canada, but these results are in agreement with other published North American studies reporting resistance rates of 5% or less. The increase of macrolide resistance noted in Scandinavian countries was associated with a high level of local erythromycin consumption. This aspect was not evaluated in this paper, but it would have been interesting to look at the local consumption of macrolides in our population.
During the analysis, strain 1 was not retained as a resistant strain, although it was repeatedly demonstrated to be intermediately resistant to only erythromycin by disk diffusion in 5% carbon dioxide. This result was not confirmed by E-test or by microdilution MIC. Therefore, isolates that are intermediately resistant or resistant to only one macrolide by disk diffusion testing should have this finding confirmed by E-test or microdilution MIC.
As reported in other studies (18, 19, (25) (26) (27) , crossresistance among erythromycin, azithromycin and clarithromycin was observed, and clarithromycin showed greater antimicrobial activity than erythromycin, which in turn was more active than azithromycin. Also, all of the GABHS strains were susceptible to all other antibiotics tested (penicillin, cephalothin, ceftriaxone, clindamycin, vancomycin and rifampin).
No resistance to clindamycin was observed in the strains resistant to erythromycin and derivatives in this study. Recently, this has been described as the M phenotype of the macrolide-lincosamide-streptogramin B resistance pattern, which is frequently encountered in streptococcal strains (27) (28) (29) (30) . The mechanism of this resistance is believed to be an efflux system, while a ribosomal target modification is more commonly encountered with cross-resistance to macrolides and lincosamides.
For the subset of 10 isolates screened as not susceptible to macrolides, the incubation atmosphere (5% carbon dioxide versus ambient air) had a significant effect on the antibiogram results obtained by disk diffusion or E-test. Testing for GABHS susceptibility to macrolides performed in 5% carbon dioxide atmosphere resulted in a decrease in the diameters of inhibition by disk diffusion and an increase in MIC values for the E-test method. Brorson and Larsson (31) found similar results for erythromycin. It is known that the activity of erythromycin is reduced at lower pH (21 served between atmospheres enriched with 5% carbon dioxide and ambient air, resulting in minor errors mainly with disk diffusion. Compared with the microdilution reference technique, this evaluation, although incomplete, supports the use of carbon dioxide with both disk diffusion and E-test for the determination of macrolide susceptibility because only a single discrepancy was found. Testing a larger number of strains, including sensitive strains, would have given more conclusive results. Recent guidelines from NCCLS clearly state that antibiograms by disk diffusion for streptococci, including GABHS, should be performed in 5% carbon dioxide (32) (33) (34) . This statement on incubation conditions clarifies a major issue in thie performance of this technique. No guidelines have been published for the E-test, but we feel that atmospheres enriched with 5% carbon dioxide should also be used to ensure that the resistant strains are detected.
No evaluation of the clinical impact of GABHS resistance to macrolides could be undertaken because only one patient with a resistant strain received erythromycin for pharyngitis and no follow-up was available.
CONCLUSIONS
The resistance of GABHS to macrolides was not frequent (2%) in the LSLR of Quebec. GABHS susceptibility to erythromycin seemed to predict susceptibility to clarithromycin and azithromycin. A comparison of incubation in 5% carbon dioxide or ambient air showed significant variation in antibiogram results (disk diffusion and E-test) for macrolides, which had a potential impact on the interpretation for disk diffusion. Thus, the recent guidelines from NCCLS should be followed, ensuring that atmospheres enriched with carbon dioxide are used when antibiotic susceptibility tests are performed by disk diffusion. The authors believe that atmospheres enriched with carbon dioxide should also be used for the E-test method.
